ABSTRACT
libitum meals designed to differ in palatability. Two experiments were completed using a preload 23 study design. All protocols were identical except for the energy content of the preloads (Experiment 24 one: 579kJ and 1776kJ; Experiment two: 828kJ and 4188kJ). During each experiment, 10 healthy 25 men completed four experimental trials constituting a low or high energy preload beverage, a 60 min 26 intermeal interval, and consumption of a pasta-based or porridge-based ad libitum meal. Appetite 27 ratings were measured throughout each trial and palatability was assessed after food consumption.
28
Preload manipulation did not influence appetite (P=0.791) or energy intake (P=0.561) in experiment 29 one. Palatability and energy intake were higher for the pasta meal than the porridge meal in both 30 experiments (palatability P≤0.002; energy intake P≤0.001). In experiment two, consumption of the 31 high energy preload decreased appetite (P=0.051) and energy intake (P=0.002). Energy compensation 32 was not significantly different between pasta and porridge meals (P=0.172) but was more strongly 33 correlated with preceding changes in appetite at the pasta meal (r=-0.758; P=0.011) than the porridge 34 meal (r=-0.498; P=0.143). The provision of a highly palatable pasta-based meal produced energy 35 intakes that were more representative of preceding appetite ratings but the moderately palatable 36 porridge-based meal produced more ecologically valid energy intakes. Ad libitum meal selection and 37 design may require a compromise between sensitivity and ecological validity.
38

INTRODUCTION
39
The increase in obesity prevalence during recent decades has stimulated an abundance of research 40 into the regulation of appetite and energy balance in humans. This research frequently includes the 41 objective measurement of energy intake during ad libitum meals in response to nutritional (1, 2) , 42 pharmaceutical (3, 4) and exercise interventions (5, 6) . Such monitoring of energy intakes under laboratory 43 conditions is recommended due to the dubious accuracy of self-reported measures (7, 8) and a range of 44 ad libitum meals have demonstrated high levels of repeatability in quantifying energy intakes (9) (10) (11) (12) (13) .
45
However, despite the prevalent use of ad libitum feeding, there has been little investigation into the 46 sensitivity of these meals to reflect changes in appetite and only one study to date has compared the 47 sensitivity of commonly used ad libitum meals. In this regard, Wiessing and colleagues (14) recently 48 demonstrated a similar energy compensation of ~28% in response to a high versus low energy preload 49 when assessing energy intake via an ad libitum buffet meal and single course pasta-based meal.
50
However, both meals promoted overconsumption with mean intakes greater than 4500 kJ at each 51 meal after the low energy preload.
52
Single course meals are recommended for the assessment of ad libitum energy intake due to concerns 53 that buffet meals delay satiation and promote overconsumption, thereby not reflecting the habitual 54 intakes of participants (7) . However, overconsumption during single course pasta-based meals is 55 commonly reported in the literature, with mean intakes ranging from ~3200 to ~6400 kJ in a range of 56 participant populations (1, (14) (15) (16) (17) (18) (19) (20) . Such large intakes are likely to be due to the high palatability of pasta-57 based ad libitum meals (14, 21) . It has previously been demonstrated that increasing the palatability of 58 ad libitum meals can enhance appetite during feeding, induce overconsumption and reduce the 59 sensitivity of the meal to detect prior changes in appetite (22) . Subsequently it seems plausible that 60 overconsumption during pasta-based meals may contribute to the dissociations observed between 61 appetite ratings and food intake responses in previous studies (1, 15, 18) .
62
Recent studies by Corney et al. (23, 24) have used an ad libitum porridge meal to assess energy intake 63 and reported mean intakes of ~2500 kJ after an overnight fast in healthy young men. These intakes 64 are substantially lower than those reported from pasta meals within similar populations (15) (16) (17) (18) ; are more 65 representative of expected habitual intakes (increasing external validity); and may produce greater 66 sensitivity to prior changes in appetite by reducing overconsumption (enhancing precision). However,
67
due to large individual differences in energy intake during ad libitum feeding combined with the 68 subjectivity of appetite perceptions, direct comparisons within subjects are essential for appropriate 69 assessment of appetite and energy intake responses to an intervention
.
4
Thus, the purpose of this study was to compare the sensitivity of a pasta-based versus a porridge- screening for eating behaviours (25) , habitual physical activity levels and verbal confirmation of the 107 acceptability of the foods to be provided during the study were obtained immediately before the first 108 experimental trial. Habitual consumption of pasta-based and porridge-based meals was assessed using 109 an eight-point scale ranging from "almost never" to "more than two meals per day".
110
Upon arrival to the laboratory for each experimental trial, participants completed a baseline appetite upon the first mouthful of the beverage in accordance with Almiron-Roig et al. (26) . Participants rested 114 within the laboratory (sitting reading or listening to music) throughout the intermeal interval and were
115
provided with an ad libitum pasta-based or porridge-based meal at 60 min.
116
Preloads
117
The preload beverages were matched for macronutrient composition and were designed to closely comparable to those used in previous research (19) . The energy content of the preload beverages was 122 579 kJ and 1776 kJ in experiment one and 828 kJ and 4188 kJ in experiment two. All preload 123 beverages weighed 550 g and were distributed evenly between two 568 mL glasses in order to 124 disguise any subtle differences in volume. All beverages were consumed by participants in isolation.
125
The preloads were prepared by a third party external to the study and both the researcher and 126 participant were asked to identify which beverage they thought had been consumed at the end of each 127 trial. All participants were fully unblinded upon completion of the experiment.
128
Appetite and palatability assessment 129 Appetite perceptions (hunger, satisfaction, fullness and prospective food consumption) were assessed 130 at baseline and every 15 min during both experiments using 100 mm visual analogue scales with 131 descriptors anchored at each end describing the extremes (e.g. "I am not hungry at all"/ "I have never 132 been more hungry") (27) . Participants rated their appetite perceptions by placing a mark across each 133 line on paper and participants were not able to refer to their previous ratings when completing the 134 appetite scales. The scales were analysed by measuring the horizontal distance from the left hand side . Palatability ratings (visual appeal, smell, taste, aftertaste and pleasantness) were obtained 139 for the preloads and ad libitum meals immediately after consumption (27) . A composite palatability 140 score was calculated as the mean value of the palatability subscales.
141
Ad libitum meals 142
The ad libitum meals were matched for macronutrient content and were designed to closely align with accordance with previous research (15) , which met the requirements of all participants during the trials.
158
No time limit was set for eating and participants were instructed to eat until 'comfortably full'.
159
Subsequently, participants determined the point of meal termination and were asked to leave the 160 feeding area and inform the researcher once they felt 'comfortably full'. 
. This calculation was performed using G*power with an alpha from "one meal per week" to "two to four meals per week", whereas porridge-based meals ranged 230 from "almost never consumed" to "two to four meals per week". compensation at the pasta meal was more strongly correlated with preceding appetite ratings,
272
demonstrating greater sensitivity to appetite manipulation.
273
The incorporation of two experiments within this report enabled the sensitivity of the test meals to be 274 investigated in response to a moderate and large manipulation of preload energy content. Surprisingly, 275 the 1197 kJ difference in energy content between preloads in experiment one did not produce any 276 discernible changes in appetite or energy intake. This finding contrasts with previous research that 277 has reported reductions in appetite and an energy intake compensation of 30 -57% in response to 278 preload energy manipulations of ~1500 kJ (19, 30) . The participants recruited for the present experiment
279
were all young, healthy, recreationally active men and an intermeal interval of 60 minutes was used 280 based on evidence that this population and experimental design will maximise the compensatory 281 response to preload manipulation (19, 26, 31, 32) . Subsequently, it is not clear why the preload manipulation 282 failed to alter appetite responses but this may be related to the composition of the preload beverages.
283
In this regard, although similar preload beverages have been found to influence appetite and energy 284 intake through the manipulation of maltodextrin content (19, 33) , the increases in preload energy during likely contribution to a positive energy balance (35) .
291
The increased manipulation of preload energy content in experiment two successfully generated 292 divergent appetite and energy intake responses between the high and low energy preloads.
293
Compensatory reductions in energy intake during both ad libitum meals after consumption of the high 294 energy preload in experiment two and the absence of change in energy intake during both meals in 295 experiment one supports the use of these meals to reflect preceding appetite ratings. However, the 296 findings of the present study reveal important strengths and limitations for the use of these meals in 297 future appetite research.
298
In accordance with previous research, the pasta-based ad libitum meal induced significant 299 overconsumption in both experiments (1, (14) (15) (16) (17) (18) (19) (20) , which conflicts with current recommendations for ad 300 libitum meals to reflect habitual energy intakes (7) . In this regard, energy intakes during the pasta meals 301 were more than 50% higher than the respective porridge meals and occurred despite the meals being 302 matched for energy density. This difference appears to be due to the highly palatable nature of the 303 pasta-based meal and is supported by previous research demonstrating that highly palatable foods can 304 stimulate appetite during ad libitum feeding, thereby overriding signals of satiation and increasing 305 energy intakes (22, 36) . The moderately palatable porridge meal produced energy intakes that were more 306 representative of expected habitual intakes, which demonstrates the importance of considering and 307 reporting the palatability ratings of ad libitum meals within research studies. Additionally, such large 308 differences in intakes occurred despite participants having higher habitual intakes of pasta-based 309 meals, which would be expected to improve the environmental contingencies associated with this 310 food and reduce intakes to more ecological levels. This further emphasises the importance of 311 palatability as a determinant of energy intake during ad libitum feeding.
312
Although large inter-individual variation in short-term energy compensation has been previously 313 documented (19, 30, 37) , the findings of the present study suggest that this may be accentuated by the 314 provision of a highly palatable ad libitum meal in response to appetite manipulation. In this regard,
315
higher energy intakes during the pasta meal were associated with markedly greater heterogeneity in contingencies on food intake and encourages consumption during both meals (38) . , the present study 339 provides evidence that this may limit the sensitivity of the meal to reflect preceding changes in 340 appetite. However, it must be acknowledged that mean energy compensation was not different 341 between the test meals, which suggests that both meals are sufficiently sensitive to detect 342 compensatory responses to appetite manipulation.
343
In conclusion, the experiments contained within this investigation have demonstrated compensatory 344 changes in energy intake in response to appetite manipulation when assessed using either a pasta- 
